New attitudes to medical ethics and demands for efficiency have brought increased attention to surgical skills and training. It is important to characterize the expertise and skill involved in the multidimensional surgical profession. At atime of change, there is an eed to discuss the nature of surgical expertise, and also the prospects for resident training, with special reference to new minimally invasive techniques (MIS).
cha and Kaufman (2) ( Table 1 ). The limits of the categories above are not clear-cut; however the classification in Table 1 merely gives an insight into what is needed at each level of expertise.
Defining the major properties of the surgeon's skills and expertise is vital, since surgical skills have an important position in modern medicine. In inves-
INTRODUCTION TO EXPERTISE AND SKILLS IN SURGERY
In general, to reach a good level of expertise in anything requires a decade of practical training as the "ten-year rule" (1) . Expertise is achieved by extensive domain-specific training; hence in many fields it is necessary to start at an early age (1) . In surgery this is not possible, due to the structureo ft raining. It is also important to understand that surgical trainees are developing towards expertise within a long-lasting apprenticeship, one that is mainly brought to higher levels within the everyday workload, and according to ahospital's rules and possibilities.
We have no reason to believe that the general characteristics of medical expertise would not apply in analysing surgeons' expertise (2, 3) . The stages of skills development in medical expertise have been described by Patel and Groen (4) and by Patel, Aro- TABLE 1 Stages of skills development in medical expertise
A beginner
has merely non-specialist knowledge of a domain 2. A novice has begun to develop the elementary knowledge assumed in the domain, as in the case of amedical student who has basic familiarity with essential concepts, including the language and the cultureofmedicine.
3. An intermediate has already deepened his/her knowledge above the beginner level but is still below the subexpert level; typically asenior medical student or a junior resident.
4.
Asubexpert amedical specialist capable of solving a clinical problem outside his/her domain of expertise; has general knowledge but inadequate specialized knowledge of the domain.
5. An expert has specialized knowledge of the subdomain.
tigating these skills, one must also understand that motor performance is linked to perception, memory and thinking, to communication skills, and to the managerial processes involved in operations and their preparation (2, 5) . It is easy to observe the motor movements involved in the actual operation, but mored ifficult to understand the issues guiding and controlling themovements,for example thinking and team communication.
The difference of skilled people involves what is stored in the experts' long-term memory, which contains a vast "vocabulary" of domain-specific knowledge (1) . Working memory refers to those memories which maintain the performance of current task. Research suggests that medical experts' knowledge is integrated into "encapsulated" wholes, and it has been shown that medical experts' memory is organized around practical schemas, in which diagnostic accuracy and quality grows as expertise develops. (3) . Reasoning strategies form acorecomponent in many medical tasks, for example in clinical problem-solving, decision-making and understanding medical texts (2, 6) . It has been argued that acquiring medical expertise requires the formation of "illness scripts", which develop only when one is practising as a physician and treating patients (3, 7) . Surgical procedures requirec ontinuous problem-solving and decisionmaking. The standard of the requirements increases if the case is complex or urgent. Expertise in surgery means also ability to avoid unnecessary surgery,t o treat surgical complications and to co-operate with community and economy issues.
In addition to memory,t hinking and reasoning skills, communication and co-operation skills are important in shared decision-making and in conversations with patients. Ineffective communication in the operating theatrei ncreases risks and also breaking bad news to patients is adifficult task, but causes less pressure for the doctor if the news can be delivered with skilful communication and empathy (8) (9) (10) . It seems that communication skills have not been sufficiently emphasized during surgical training, even though they areskills which could be easily improved by teaching and proper guidance (9) (10) (11) .
ASKILLED SURGEON IN THE ERA OF MINIMALLYINVASIVE SURGERY
Studies on surgical skills were introduced in the late fifties and were intensified by the increase in research into cognitive skills during the seventies (2). Traditional surgery faced arevolution when video-assisted minimally invasive surgery (MIS) in the late 1980s changed surgical practices, leading also to changes in the research conducted on cognitive skills in surgery. It has been shown that training in MIS skills is altogether mored emanding and time-consuming than training for open techniques (12) . Analysis of the surgical skills required in MIS operations has focused on new aspects, involving perception, dexterity and ergonomics (13) . The developments in question have created a need to characterize the special skills involved in MIS, and the skills discussed below can be added to the cognitive skills traditionally required for surgical expertise.
SPATIAL ABILITY AND PERCEPTUAL MOTOR SKILL IN MIS
Even in ordinary procedures there can clearly be special requirements for accuracy of movement, for example in surgery on newborn infants, or in brain or ophthalmologic surgery. Surgical procedures require integration of muscle function, strength, speed, precision, dexterity,balance and spatial perception (14) (15) . However, video-assisted surgery requires an extra level of spatial ability. The disadvantages related to the use of the two-dimensional picturep rovided by avideo camera, with aconstantly changing rotational angle and visual field, have been amply demonstrated (16) . Visualcontactwiththe instrumentscan easilybe lost; this causes disruptions and predisposes the proceduret oc omplications. Conrad et al. (2006) have shown that changes in the horizon distort the surgical field and cause longer operation times. The position of the camera is fixed (deleted) and this may result in spatially transformed and suboptimal pictures and views (17) .
Therec an be considerable variation in cognitive functions such as visualization, spatial orientation and speeded-up mental rotation or recognition of spatial relations, and abilities in these areas can change substantially with experience. For orientation, surgeons use complex perceptual clues that areboth visual and haptic, including surface roughness and light reflectivity.The loss of three-dimensional visual depth cues forms am ajor obstacle for the effective use of instruments, creating fundamental psychomotor problems of hand-eye coordination for the inexperienced laparoscopics urgeon (18) (19) . Thisi si n addition to the s.c. fulcrum effect, to the difficulty of handling instruments without direct visualization make movements paradoxical -all aspects that seriously hinder the acquisition of endoscopic skills for the novice surgeon. The importance of MIS-related special skills such as spatial ability seems to diminish with experience (20) . However,the strengthening and training of these spatial and perceptual motor skills is essential for surgical novices in the early training phase, and we shall return to this in our discussion of simulator training (21) .
ERGONOMY IN MIS
Surgical performance is influenced by several ergonomic factors, especially during an MIS operation. Surgical ergonomics is bound up with issues such as the adjustment of the patient table or monitor,t he clarity of the visual view (deleted), the optimal positioning of instrument ports, and other issues affecting team concentration. Moreover,itisinevitable that the surgeon will have to sustain an awkward position for long periods, and this can affect his/her performance. Alimitation in MIS is that instruments are anchored to afi xed point of the patient, which restricts the movement of instruments.
MIS surgery has proven to be especially problematic in creating ergonomic problems that lead to surgeon fatigue, discomfort, and hand parenthesis (22) . Indeed, ergonomic problems are encountered by the entiremedical team during MIS operations, and both surgeons and residents can suffer from physical, perceptive and cognitive problems (23) . Up to the present time, there has been insufficient research on the motions and kinetics of MIS, or on the muscle work, fatigue and comfort of surgeons during the procedure (22) .
In MIS procedures al arge amount of equipment must be present, limiting space and restricting movement in the operating theatre, with the possibility of decreased efficiency and safety during the operation (23) . Recent efforts to achieve a better understanding ofsurgical ergonomics may bring about educational solutions. Novice surgeons canand should be taught movement models based on expert surgical performances with optimal operating results (24).
LEARNING AND TRAINING MIS SKILLS
Historically,most surgical resident training has taken place in the operating theatrea nd has based on the "see one -d oo ne -t each one" method. It has been found that laparoscopic surgery is more demanding and requires more preparation than open surgery (19, 25) . In addition, practising surgeons have had to realize that traditional skills do not guarantee success in MIS (26) (27) . The rapid development of new minimally invasive techniques has demonstrated the need for changes in training MIS, and has shown also the urgency of continuing education among practising surgeons. However,MIS skills can be developed with effective training programs that shorten the early learning period (28) .
MIS CHALLENGES AND VIRTUAL REALITY
Virtual reality for surgical simulation and training began in the late 1980s, partly as a result of the developments in MIS. It was based on the success of flight simulators and on improvements in 3-D graphics visualization (29) (30) . In 1991 Satava created the first virtual reality simulator for abdominal surgery (29) . Advancements in technology made it possible to learn and practise surgical operations in (for example) abdominal surgery. In the last fifteen years the technology has developed rapidly, and surgery has expanded from open surgery towards video-assisted surgery,and further towards robotic surgery.
MIS procedures have been criticized for being technically too demanding and for taking too long, with increased risks of organ damage (31) . Simulators, especially computer based ones, have a central role in modern surgical training, providing equipment for practising surgical skills without putting patients at risk (32) (33) . The difficulties of adapting to the ful-crum effect can be more or less overcome via extensive simulator training (18) .
Behavioural analyses support simulator use in initial training. The elementary perceptual and motor skills achieved by simulators transfer to the operating theatre (25, 34) . However,morestudies areneeded to determine the naturea nd impact oft he cognitive skills involved in surgical performance, and further, to examine the role of simulators in assessing the performance of higher cognitive skills in MIS (35) . The development of complex surgical motor skills, perceptual-motor co-ordination and effective motor schemas takes time, and it is important that training conditions are well organized.
ORGANIZING SIMULATOR TRAINING
Arranging simulator training within the normal hospital protocol is ac omplex matter,r equiring many compromises. In the past, traditional training became incorporated within the everyday routines of hospitals, and thus became almost invisible. Now, when learning methods are under investigation, it is necessary to understand the ongoing situation so that in the near future we may have the information that will allow us to construct more effective training protocols. The further aim will be to embed these within fluent, economical and routine organizational processes.
There seems to be general agreement that simulators should be used in teaching MIS skills. Training can be organized outside the operating theatre, in environments equipped with the appropriate technologicaltools to train skills through patient simulation and virtual reality (36) . This allows training for beginners to be embarked on earlier, and increasingly, medical students and residents can be taught with these alternative methods (37) .
Simulators have now been adopted in practice, being used to train, to give direct feedback to trainees and to avoid mislearning (14) , as well as to evaluate and sustain skills (38) . In this connection, it is worth noting that increasing the level of training difficulty increases the workload and in fact does not directly enhance the operative performance of the trainee (39). Harder is not necessarily better. Moreover, there is evidence that limited instructor feedback is superior to intense feedback (40) . It has been further shown that VR simulator training needs acurriculum and a structure; it is not motivating or beneficial if it is purely voluntary,o ri nt he absence of any form of assessment (41) (42) (43) .The analysis of the motorcomponent will undoubtedly be improved by objective measurements and by the assessment of kinematics based on the electromagnetic registration of instrument movements (44) . The motion analysis provided by simulators can be used to measurethe relevant skills objectively,and acorrelation between simple surgical dexterity and cognitive operative skill has been demonstrated (45) . The simulator is able to differentiate between expert and novice subjects on the basis of the measurements registered on different skills (46) . It is recommended that in the measurement of surgi-cal technical skills, two measurements should be taken together: 1) standardized charts, such as the OSATS chart (Objective Structured Assessment of Technical Skills), and 2) quantification of the economy of hand movement (47) (48) . From the literature it appears that operative speed is secondary to economy of hand movement (47) . Error measurement seems to be superior to speed measurement in the assessment of laparoscopic skills; hence speed is not necessary definite evidence of achieved expertise (49) . Training programs that do not use objective measurement may provide adistorted evaluation of MIS skills (50) .
CONCLUSIONS REGARDING SURGICAL EXPERTISE AND SKILLS TRAINING
We have selectively reviewed the medical literature in order to obtain hints for investigating surgical skills, their nature, their maturation and their development. It is important to raise questions related to the changing nature of surgical expertise, and also to the prospects for resident training. Such questions are vital when the aim is to design effective methods to improve surgical practice and education at a time of rapid change.
Considering the multifaceted skills required in surgery, and the rapid developments taking place in the field, it is important to gain aholistic view of the MIS skills we have mentioned, rather than to view the skills in isolation. We need to consider how the various elements arelinked to each other when we see a surgeon in action. With this in mind, we may list the following implications:
1. MIS operations are demanding as motor performances, and it is important to pay special attention to the perceptual motor performance of surgeons. 2. Surgery is based on learned knowledge and thus we have to pay attention to the required memory processes. 3. Surgeons must be able to solve complex problems and make quick decisions with high accuracy. Because of this we have to pay attention to the thought processes involved in surgical performance and skills. 4. Surgeons aren ot isolated; they operate in group environments. Hence it is essential to consider the surgeon's expertise also from a group, managerial and communicational point of view. 5. MIS procedures involve tasks that ares patially and perceptually challenging; special attention must be paid to the training of spatial skills and instrument movements. 6. MIS surgery has proven to be a source of postural discomfort and to be ergonomically problematic; improvements aren eeded to instrument design, and also in the ergonomics training given to novice surgeons.
We must be able to understand the position of each piece in the surgical process. We should further know the main psychological attributes of the skill in question, in order to be able to solve such practical tasks All in all, we should conduct a deeper analysis of the problems related to surgical simulators and be concerned at the lack of educational plans supporting simulation in surgical training. Simulators are mostly used to train technical skills such as motor accuracy and hand-eye coordination. But simulation should be used morec omprehensively,a sp art of as tructured curriculum for teaching also cognitive skills such as decision-making -as well as ergonomics, team and communication skills. We need research on medical expertise and learning to be able to develop better and more effective training models and tools for surgeons. The difficulties relating to surgical skills training canbeovercome with training programmes which are comprehensive but cost-effective.
